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ABSTRACT 

Comparison of Apollo 1 2  launch weather cond i t ions  t o  
mission r u l e s  n o t  only shows t h a t  cond i t ions  w e r e  w i t h i n  r u l e s  
b u t  a lso s e r v e s  as a b a s i s  f o r  reviewing cand ida te s  f o r  
improvement . 

Candidates f o r  avoiding l i g h t n i n g  by changing mission 
r u l e  weather requirements are g e n e r a l l y  s u b j e c t i v e ,  p o s s i b l y  
more so than  t h e  o b j e c t i v e  na ture  of p r e s e n t  mission r u l e s .  
Cloud t o p  h e i g h t  o r  a composite of weather phenomena t o  i n d i c a t e  
turbulence  and s t a t i c  charge build-up may be a u s e f u l  c r i t e r i o n .  
Usefulness of any phenomenon as a c r i t e r i o n  depends upon t h e  
amount of p e r t i n e n t  d a t a  a l ready  c o l l e c t e d  a t  KSC. Years of 
d a t a  a r e  u s u a l l y  requi red  t o  e s t a b l i s h  t h e  s t a t i s t i c a l  v a l i d i t y  
of a weather phenomenon. 

Another candida te  i s  t h e  s t a t i o n i n g  i n  t h e  LCC du r ing  

permanently-mounted c h a r t s  i n  t h e  Manned Spacec ra f t  Operat ions 
Building (MSOB) w e a t h e r  o f f i c e .  T h i s  candida te  e x e r t s  a mul t i -  
p l i e r  e f f e c t  on whatever weather phenomenon is  chosen. The 
t e l e v i s i o n  l i n k  p a r t i a l l y  al leviates t h e  problem of decoupl ing 
t h e  me teo ro log i s t  from f a m i l i a r  weather c h a r t s  wi th  consequent 
impairment of weather f o r e c a s t i n g  a b i l i t y .  Using a compatible 
p a i r  of meteoro logis t s  (one a t  t h e  MSOB, one a t  t h e  LCC) may 
f u r t h e r  a l l e v i a t e  t h e  decoupling on a s h o r t  t e r m  b a s i s .  The 
t w o  would exchange p l aces  a t  s e l e c t e d  t i m e s  dur ing  t h e  countdown. 
S ince  t h i s  candida te  i s  s u b j e c t i v e ,  even pe r sona l ,  i t s  u t i l i t y  i s  
a func t ion  of t h e  personnel  involved.  
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MEMORANDUM FOR FILE 

INTRODUCTION 

There has  been specu la t ion  as t o  t h e  meteoro logica l  con- 
d i t i o n s  a t  t h e  Apollo 1 2  launch. The weather  map, s u r f a c e  winds,  
hour ly  weather obse rva t ions ,  weather r a d a r  o b s e r v a t i o n s ,  s f e r i c s +  
and o t h e r  r eco rds  provide d a t a  t o  determine launch weather con- 
d i t i o n s .  Mission r u l e s  s e t  f o r t h  launch weather requirements .  
Comparison of requirements  with c o n d i t i o n s  provides  b e t t e r  under- 
s t a n d i n g  of bo th ,  which i s  a p r e r e q u i s i t e  f o r  any contemplated 
improvement, whether i n  r u l e s  o r  o t h e r  program areas. 

LAUNCH WEATHER REQUIREMENTS - MISSION RULES 

Appendix I quotes  verbatim wind and weather p o r t i o n s  of 
t h e  Apollo 12 launch mission r u i e s . i l j  Of immediate i n t e r e s t  are: 

1. Forward observer  r e s t r i c t i o n  on c e i l i n g :  500 f ee t  
( f t )  **  

2 .  Forward observer  r e s t r i c t i o n  on v i s i b i l i t y :  
3 n a u t i c a l  m i l e s  (nm)** 

3. (Pad Abort)  wind r e s t r i c t i o n  a t  1 6 2  f t :  25 knots  

4 .  Thunderstorm: ..... space  v e h i c l e  w i l l  n o t  be 
launched when i t s  nominal f l i g h t  pa th  w i l l  c a r r y  
it through a cumulonimbus ( thunderstorm) cloud 
formation."  ( R u l e  1-40  . 2 )  

5. Egress  r u l e s ,  i n g r e s s  t o  access arm retract  t o  
l i f t o f f :  "A meteoro logica l  f o r e c a s t  of thunder- 
s torm a c t i v i t y  i s  requ i r ed  when thunderstorms are 
p r e d i c t e d  t o  occur  wi th in  a 2 0  s t a t u t e  m i l e  r a d i u s  
of t h e  space v e h i c l e .  When thunderstorms are i n  

* S f e r i c s  equipment d e t e c t s  thunderstorms i n  KSC area by 
t r i a n g u l a t i o n  on l i g h t n i n g  f l a s h e s .  

**Fr'om 225 t o  360 degrees  from space v e h i c l e .  
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progres s  w i t h i n  a 5 s t a t u t e  m i l e  r a d i u s  of  the 
v e h i c l e ,  cons ide ra t ion  w i l l  be given by t h e  Launch 
D i r e c t o r  t o  f l i g h t  c r e w  e g r e s s . "  (Rules 1 -609 .9 ,  
1 - 6 1 0 . 6 )  

LAUNCH WEATHER CONDITIONS 

The f i r s t  t h r e e  launch weather requirements  can be 
v e r i f i e d  by quo t ing  independent obse rva t ions  made by t w o  groups: 
(1) NASA S p a c e f l i g h t  Meteorology Group personnel  a t  t h e  Manned 
Spacec ra f t  Operat ions Building (MSOB), ( 2 )  Cape Weather S t a t i o n  
Personnel  (CWS) l o c a t e d  nea r  Pad 11. These obse rva t ions  (obs)  
t y p i c a l l y  vary because they  were made about  6.5 m i l e s  a p a r t  i n  
rainshower cond i t ions :  They are: 

( 2 )  MISSION RULES 
ITEM RESTRICTION MSOB OBS. CWS OBS. 

1. C e i l i n g  500 f t  800 f t  broken 2100 f t  o v e r c a s t  

4 , 0 0 0  f t  broken 

1 0 , 0 0 0  f t  broken 

2.  V i s i b i l i t y  3 nm 7 m i l e s  i n  4 m i l e s  i n  
rainshower rainshower 

3. Abort Wind 25 kno t s  peak 11 knots  a t  5 knots  a t  290 
270 degrees  degrees  
f a i r l y  s t eady  

Both o f f i c e s  w e r e  i n  ope ra t ion  dur ing  t h e  launch. CWS was 
making hour ly  and s p e c i a l  observa t ions .  The MSOB weather  o f f i c e  
w a s  i n  f r equen t  te lephone communciation wi th  t h e  Launch 
D i r e c t o r  and w a s  making w e a t h e r  obse rva t ions  a p p r o p r i a t e  f o r  
t h i s  purpose a t  t h e  MSOB. 

The remaining requirements 4 and 5 are s a t i s f i e d  by 
examination of a v a i l a b l e  da t a  f o r  observed evidence of  thunder- 
storms . 

A r e a  Map 

Figure  1, t h e  1 0 0 0  E a s t e r n  Standard T i m e  (EST) w e a -  
t h e r  map (1500 Greenwich Time) shows t h e  g e n e r a l  a r e a  condi- 
t i o n s ,  wi th  F igure  2 i l l u s t r a t i n g  the s t a t i o n  p l o t t i n g  model. 
The synop t i c  s i t u a t i o n  i s  one of rainshowers  caused by convec- 
t i v e  a c t i v i t y  a s s o c i a t e d  w i t h  a co ld  f r o n t  p a s s i n g  through t h e  
area. The nearest  r e p o r t i n g  s t a t i o n s  a r e  Orlando and West P a l m  
Beach (F igure  2 d e t a i l ) .  Orlando shows a rainshower I 
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t h e  l a t t e r  shows cumulus congestus build-ups r\ p l u s  a l to-  
cumulus uu- . T h e  n e a r e s t  cumulonimbus (thunderstorm) cloud 

Pad A cond i t ions .  A t  t h e  t i m e  o f  t h e  map, no thunderstorms 
(TSTMS) w e r e  r e p o r t e d  i n  t h e  KSC area. 

i s  r epor t ed  a t  Key West, too f a r  away t o  r e p r e s e n t  

Appendix I1 o f f e r s  a b r i e f  exp lana t ion  of  a c o l d  
f r o n t  and cumulus clouds denot ing amount of convec t ive  act i -  
v i t y .  

Weather Radar 

The MSOB r a d a r  scope showed t h e  f r o n t a l  area a t  KSC 
t o  c o n s i s t  of t w o  rainshower bands w i t h  scattered showers 

between. See F igure  3 i l l u s t r a t i n g  v e r b a l  r e p o r t s .  ( 3 )  The 
second band w a s  appa ren t ly  causing t h e  r epor t ed  p r e c i p i t a t i o n  
a t  launch. N o  cumulonimbus c lcud  w a s  r epor t ed .  Cloud t o p s  
w e r e  r epor t ed  a t  1 8 , 0 0 0  t o  20 ,000  f t .  Daytona r epor t ed  one 
a t  2 7 , 0 0 0  f t ( 4 )  a t  1 0 4 3  EST,  w i t h  remaining t o p s  a t  2 2 , 0 0 0  f t .  

S f e r i c s  

The s f e r i c s  qi~-ipmpn+_ which \q;sc il: nnnr=+;nn - p - - u c I Y * *  u c  =+ +ha C.*b L I Y V Y  Mcnn 

weather o f f i c e  had detected several TSTMS t h e  da 
shown no close-by l i g h t n i n g  b e f o r e  t h e  launch.  (3y 
i n d i c a t i o n  of  l i g h t n i n g  a f t e r  t h e  launch.  

b e f o r e ,  b u t  had 
There w a s  an 

P o t e n t i a l  Gradien t  and Corona Curren t  In s t rumen ta t ion  

KSC p o t e n t i a l  g rad ien t  ( P G )  and ccrona c u r r e n t  (CC) 
i n s t rumen ta t ion  cover t h e  a rea  as shown i n  F igu re  4 .  They are 
l i s t e d  i n  mission r u l e s ,  along wi th  o ther  monitors ,  f o r  
i n s t rumen ta t ion  suppor t  of launch v e h i c l e  LH2 loading .  Records (5 1 
from a l l  e i g h t  s i tes  a r e  a v a i l a b l e .  TSTMS on November 1 3  
caused a c t i v i t y  on PG and CC charts from seven si tes,  t h u s  
provid ing  a c a l i b r a t i o n  r e fe rence  f o r  v i s u a l l y  judging c o m -  
p a r a t i v e  i n t e n s i t y  o f  t h e  t r a c e s  a t  iaunch on November 1 4 .  
Seven si tes showed a t  launch a modestly d i s t u r b e d  f i e l d  

t y p i c a l l y  a s s o c i a t e d  wi th  rainshowers (5) b u t  n o t  d i s t u r b e d  t o  
t h e  e x t e n t  caused by TSTMS on t h e  prev ious  day. This  i n s t r u -  
mentat ion responds t o  many weather phenomena o t h e r  than  TSTMS 
of  mission r u l e  concern. I n t e r p r e t a t i o n  i s  most i n fo rma t ive  
when accomplished by resident meteoroloyis  ts t o  r e s o l v e  arnbigui- 
t ies.  For example, a cumulonimbus cloud forming 
over  Orlando can throw up an a n v i l  a t  4 0 , 0 0 0  t o  5 0 , 0 0 0  f t ,  
ex tending  t o  KSC, s e t t i n g  up h igh  P G  r ead ings .  ( 6 )  Although 
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PG r ead ings  would appear ominous because of t h e  charge d i s t r i -  
b u t i o n  i n  t h e  a n v i l ,  KSC TSTM p r o b a b i l i t y  would be immediately 
d iscounted  by a r e s i d e n t  meteoro logis t .  Appendix I11 concludes 
t h a t  TSTidi ambigui t ies  are the  r u l e  r a t h e r  than  t h e  except ion  
by reviewing models of charge d i s t r i b u t i o n  i n  c louds and t h e  
many oppos i t e  conclusions about TSTMS t h a t  r e sea rche r s  have 
made using observed d a t a .  

Hourly Observat ions 

As t h e  name impl i e s ,  hour ly  obse rva t ions  a r e  taken a t  
l e a s t  every  hour. I n  a d d i t i o n ,  a s p e c i a l  observa t ion  i s  made 

whenever a s i g n i f i c a n t  change ( 7 )  occur s ,  such a s  c e i l i n g ,  sky 
c o n d i t i o n ,  v i s i b i l i t y ,  p r e c i p i t a t i o n ,  and TSTM beginning,  i n t en -  
s i t y  i n c r e a s e ,  o r  end. 
a t  11:22 a . m .  EST a 2100  f t  ove rcas t  c e i l i n g  wi th  f o u r  m i l e  
v i s i b i l i t y  i n  rainshower,  with no TSTM repor t ed .  

The November 14 r eco rd  ( 2 )  a t  CWS shows 

LAUNCH WEATHER REQUIREMENTS VERSUS ACTUAL C O N D I T I O N S  

The followin:? c h e c k l i s t  summarizes preceding d i s -  
cuss ions :  

1. 

2. 

3 .  

4. 

5. 

M I S S I O N  RULE REQUIPCEMENT 
ITEM FOR LAUNCZ 

C e i l i n g  500 f t  

V i s i b i l i t y  3 nm 

Wind (Abort) 25 knots peak 

Thunderstorm no launch through 

Thunderstorm i f  wi th in  5 m i l e s ,  
consider  c r e w  e g r e s s  

ACTUAL C O N D I T I 3 N  
AT LIFTOFF 

800 f t  (MSOB)" 
2100  f t  (CWS) * 
7 m i l e s  (MSOB)* 
4 m i l e s  (CWS)* 

11 knots  s teady  
s t a t e  (MSOB) * 

5 knots  (CWS)* 

none r e p o r t e d  i n  area 

none r epor t ed  i n  area 

"Readings taken a t  two p o i n t s  s epa ra t ed  by >6 m i l e s .  
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REFINEMENT CANDIDATES 

These f a l l  gene ra l ly  i n t o  t w o  classes, depending on 
d e s i r e d  e f f e c t :  avoidance of l i g h t n i n g ,  and minimization of 
e f f e c t  of l i g h t n i n g .  While l i g h t n i n g  i s  of immediate i n t e r e s t  
from Apollo 1 2 ,  t h e  accompanying/preceding tu rbu lence  i s  of 
e q u a l ,  o r  more, importance.  

Avoidance Candidates 

Contemplated ref inements  would n e c e s s a r i l y  involve  t h e  
use of s o m e  weather phenomenon ( o r  combination) as a b a s i c  con- 
t inue /hold  c r i t e r i o n .  The problem i s  one of choosing a phenomenon 
wi th  enough y e a r s  of  a l r eady-co l l ec t ed  d a t a  t o  v a l i d a t e  t h e  
phenomenon and t h u s  provide an o b j e c t i v e  and unambiguous b a s i s  
f o r  improvement wi thout  pena l ty  on f u t u r e  miss ions .  Data are 
cus tomar i ly  c o l l e c t e d  f o r  yea r s  t o  e s t a b l i s h  t h e  s t a t i s t i c a l  
v a l i d i t y  of a weather p a t t e r n .  

Hold* i n  Rainshower: Not. a l l  ra inshowers  produce 
l i g h t n i n g ;  Apollo 1 2  s t r o k e s  may n o t  have been s o l e l y  t h e  r e s u l t  
of n a t u r e ;  conservat ism could impose p e n a l t y  on f u t u r e  miss ions .  

E C l d  wi th  Fror\,t ir: Arz2: r.1or2 seleztivz than i-alii- 
shower c r i t e r i o n ;  however, some f r o n t s  are i n a c t i v e ;  Apollo 1 2  
launch weather can a l so  be caused by September-October TSTMS (6) 
and showers forming over  A t l a n t i c  Ocean; s u b j e c t i v e .  

Hold With P o t e n t i a l  Gradien t  and Corona Curren t  Data: 
High r ead ings  can be caused by cumulonimbus a n v i l  over  KSC from 
TSTMS(6) as much a s  50 m i l e s  away; ambiguous, s u b j e c t i v e .  See 
Appendix 111. 

Cloud Top Height Composite: Height p l u s  bottoms, c loud 
type  and f r e e z i n g  l e v e l  permit p o t e n t i a l  i n s t a b i l i t y  estimate of 
t u rbu lence  and convect ive a c t i v i t y ,  which, i n  t u r n ,  may correspond 
roughly wi th  s t a t i c  charge build-up i n  c loud .  Data du r ing  count- 
down would depend upon weather r a d a r  c loud h e i g h t  measurements o r  
mission suppor t  p i l o t  r e p o r t s ,  o r  both.  A t t r a c t i v e n e s s  depends 
upon a v a i l a b i l i t y  of KSC e l e c t r i f i c a t i o n  and tu rbu lence  da ta  t o  
e s t a b l i s h  go/no-go va lue .  

When Lightninq Reported Within X M i l e s ,  Hold f o r  Weather 
Re-Appraisal: N o  nearby l i g h t n i n g  r e p o r t e d  b e f o r e  Apollo 1 2  launch;  
p l a c e s  premium on s f e r i c s ,  P G  and CC equipment and team of local 

*"Hold" i n d i c a t e s  sense  of t h e  c o n s t r a i n t ,  n o t  e x a c t  wording. 
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obse rve r s .  P o s s i b i l i t y  of undetected l i g h t n i n g  or  man-made i n t e r -  
f e r e n c e  s imula t ing  l i g h t n i n g .  Q u a n t i t a t i v e  obse rva t ion ,  s u b j e c t i v e  
i n t e r p r e t a t i o n .  

(8 1 Prelaunch U s e  of Rockets A r t i f i c i a l l y  t o  Tr igqer  
Lightn ing  from Low Clouds - Newman'has employed t h i s  technique 
s u c c e s s f u l l y  a t  sea, r e p o r t i n g  two a r t i f i c i a l l y - i n d u c e d  d i scha rges  
f o r  f i v e  rocke t  f i r i n g s  w i t h  1 0 0 0  f o o t  t r a i l i n g  wire. H e  f u r t h e r  
r e p o r t s  concerning ano the r  experiment t h a t  a rocke t  i on  t r a i l  may 
be k e p t  conduct ive ly  ion ized  by a p p l i c a t i o n  of a l o w  c u r r e n t  
between p u l s e s  of a r t i f i c i a l  l i g h t n i n g ;  a s h i p  of t h e  t e n d e r  c lass  
was o u t f i t t e d  f o r  t h e  tes ts .  While of i n t e re s t  i n  r e l a t i o n  t o  t h e  
concept  of a r t i f i c i a l l y - t r i g g e r e d  l i g h t n i n g ,  use of t h e  technique 
f o r  Apollo would impose o p e r a t i o n a l  problems of sp l i t - s econd  t iming 
a s  w e l l  a s  r e q u i r e  b r ing ing  a new c a p a b i l i t y  up t o  o p e r a t i o n a l  
u s e f u l n e s s .  

E s t a b l i s h  Weather F o r e c a s t / I n t e r p r e t a t i o n  C a p a b i l i t y  i n  LCC: 

This  cand ida te  e x e r t s  a m u l t i p l i e r  e f f e c t  on whatever 
weather phenomenonis chosen a s  a cont inue/hold c r i t e r i o n .  

P l ac ing  a meteoro logis t  i n  t h e  LCC wi thout  d a t a  n o t  on ly  
decouples  t h e  meteorolc-.gist f r o m  r e q u i r e d  da ta  b u t  a lso creates a 
new-environment s i t u a t i o n ,  both of which tend  t o  impair  t h e  fo re -  
c a s t i n g  a b i l i t y  of t h e  me teo ro log i s t .  

Weather f o r e c a s t i n g  r e q u i r e s  a lmost  cont inuous access  t o  
many types  of d a t a ,  e s p e c i a l l y  i n  rapidly-changing s i t u a t i o n s  such 
as f r o n t a l  passages ,  TSTMS, and s q u a l l  l i n e s .  Data access  provis -  
i o n s  could range f r o m  (1) es tab l i shment  of a complete weather s ta-  
t i o n  a t  t h e  LCC t o  ( 2 )  es tab l i shment  of a t e l e v i s i o n  l i n k  from t h e  
LCC t o  t h e  MSOB weather o f f i c e  s u i t a b l e  f o r  viewing weather c h a r t s  
permanently mounted t h e r e .  P a r t i a l  decoupl ing of  t h e  me teo ro log i s t  
from h i s  d a t a  occurs  even i n  t h e  l a t t e r  case. 

The decoupl ing and new environment problems could  be 
a l l e v i a t e d  f u r t h e r  by having two me teo ro log i s t s  work a s  a t e a m  
w i th  one i n  t h e  MSOB weather o f f i c e ,  t h e  o t h e r  i n  t h e  LCC, u s ing  
t e l e v i s i o n  and te lephone l i n k s .  A t  a p p r o p r i a t e  t i m e s  i n  t h e  count- 
down t h e  t w o  would exchange places, t h u s  main ta in ing  c o n t i n u i t y  
w i t h  t h e  weather.  

This  candida te  i s  s u b j e c t i v e ,  even personnel ;  t h u s  i t s  
u t i l i t y  i s  a func t ion  of t h e  personnel  involved .  
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Minimization Candidate 

The sub jec t iveness  i n  us ing  weather phenomena t o  avoid 
l i g h t n i n g  may make i t  more c o s t - e f f e c t i v e  t o  cons ide r  o t h e r  
measures,  such as provid ing  a d d i t i o n a l  i n t e r s t a g e  p a t h s  s p e c i f i c a l l y  
f o r  heavy c u r r e n t s  a s s o c i a t e d  wi th  l i g h t n i n g .  
an a d d i t i o n  t o ,  bu t  n o t  a s u b s t i t u t e  f o r ,  t h e  e x i s t i n g  e lec t r ica l  
c i r c u i t  grounding system. 
t i ve ,  b u t  may impose a payload p e n a l t y .  

These p a t h s  would be 

The cand ida te  i s  o b j e c t i v e  and q u a n t i t a -  

SUMMARY AND CONCLUSION 

Weather and wind c o n d i t i o n s  a t  Apollo 1 2  launch w e r e  
w i t h i n  mission r u l e s .  

Mission r u l e  l i g h t n i n g  avoidance cand ida te s  s u f f e r  
g e n e r a l l y  from ambiguity,  l ack  of o b j e c t i v i t y ,  and depend t o  s o m e  
e x t e n t  on loca l  f o r e c a s t i n g  exper ience .  I f  weather a n a l y s i s  capa- 
b i l i t y  i s  implemented i n  LCC f o r  countdown, t h e  me teo ro log i s t  
would be a ided  by r e a l  t i m e  v i s u a l  access t o  permanently-mounted 
r eco rds  and c h a r t s  a t  t h e  observing s t a t i o n  t o  a l l e v i a t e  decoupl ing 
from weather d a t a .  Us ing  a compatible  p a i r  of me teo ro log i s t s  (one 
a t  MSOB, one a t  LCC) may f u r t h e r  a l l e v i a t e  t h e  decoupl ing.  The two 
would exchange p l a c e s  a t  appropr i a t e  t i m e s  du r ing  t h e  countdown. 

be fo re  a t rade-of f  f o r  program e f f e c t i v e n e s s  can be made. 
Refinement of o t h e r  program areas r e q u i r e s  i n v e s t i g a t i o n  

2032-W0C-mp t l a  W. 0 .  Campbell 

Attachments 
F igu res  (6) 
Appendices 1-111 
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TYPE OF MIDDLE CLOUDS IF VISIBLE 

PRESSURE I N  MILLIBARS 
LAST TWO DIGITS ONLY 
SHOWN FOR ECONOMY 
IN DATA PLOTTING 

DIRECTION FROM 
WHICH SURFACE WIND 
IS BLOWING 

TEMPERATURE, O F  ____t TT 

AMOUNT OF 
CURRENT WEATHER--+ ww CLOUDINESS 

AMOUNT AND TYPE OF 

LAST 3 HOURS 
a PRESSURE CHANGE IN 

TYPE OF LOW CLOUDS / c' 
EXAMPLES 

ww e RAINSHOWERS' 

CUMULUS BUILD-UPS 

CUMULONIMBUS 
CI 

(MUST ALWAYS BE PRESENT BEFORE 
THUNDERSTORM CAN OCCUR) 

PP,; + IO/ PRESSURE FELL THEN ROSE; 1.0 MILLIBAR NET 3 HOUR CHANGE 

CLOUDINESS. 'a SCATTERED. OVERCAST 

ORLANDO 

WEST PALM 
BEACH 

FIGURE 2 WEATHER STATION DATA PLOTTING MODEL WITH 
TWO 1000 EST NOVEMBER 14,1969 EXAMPLES 
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COOL AIR A ‘\ 

COOL 

1 OCCASIONAL 
TOPS HIGHER (DAYTONA)  

2,100 FT. 

800 FT. 

SECTION A - A 
LOOKING NORTHWARD 

* CLOUD COVER AND PRECIPITATION PATTERNS IN FRONTAL ZONES VARY WIDELY WITH SEASON, 
LATITUDE, TIME, FRONTAL INTENSITY, RELATIVE HUMIDITY. 

FIGURE 3 - COLD FRONT * AT KSC 



FIGURE 4 - LOCATION OF PCTENTIAL GRADIEVJT !PG! AF!D CORONA CL'!?!?E?!l 
(CC) INSTRUMENTATION FOR APOLLO 12 LAUNCH 
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APPENDIX I1 

COLD FRONT AND CUMULUS CLOUDS 

A co ld  f r o n t  i s  a cold-warm a i r  broad mixing zone 
moving such t h a t  co ld  a i r  a t  t h e  ground r e p l a c e s  w a r m  a i r ,  
caus ing  convect ion.  See Figure 3 .  Mild convec t ion ,  p r e s e n t  
even i n  f i n e  weather without  a cold f r o n t ,  produces cumulus 
humi l i s ,  o r  cumulus of f i n e  weather ,  symbol a . More 
pronounced convect ion carries m o i s t  a i r  t o  moderate h e i g h t s ,  
producing cm.ulus  cenges tus  c louds ,  sumbol p\ , w h i c h  are 
sometixes acccmpanied by showery p r e c i p i t a t i o n .  

When convec t ive  activitc! i s  i n t e n s e  enc : :qh  tG c a r r y  
s a t u r a t e d  a i r  t o  h e i g h t s  above t h e  f r e e z i n g  l e v e l  a l t i t u d e ,  
t h e  upper p o r t i o n  of t h e  cloud forms ice c r y s t a l s  which f a n  
o u t  a long t h e  upper a i r  wind stream, forming a charac te r i s t ic  
a n v i l  shape. The weather symbol is  w-, w i t h  t h e  long 
p o i n t  of t h e  a n v i l  i n d i c a t i n g  wind downstream d i r e c t i o n  a t  
t h a t  l e v e l .  These are cumulonimbus (TST’M) clouds.  Extremes 
ot p r e c i p i t a t i o n  and turbuience  can be encountered w i t h i n  t h e m .  
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CHARGE DISTRIBUTIONS I N  CLOUDS 

According t o  Johnson ( 9 )  charge d i s t r i b u t i o n  d a t a  t h a t  
have been accumulated i n d i c a t e  t h a t  t h e r e  are  u s u a l l y  two 
r eg ions  of charge i n  l a r g e  v e r t i c a l  development c louds :  (1) a 
n e t  nega t ive  charge ,  i n  cloud regions con ta in ing  water d r o p l e t s ,  
and ( 2 )  a n e t  p o s i t i v e  charge i n  cloud p o r t i o n s  con ta in ing  ice 
c r y s t a l s .  T h i s  i s  only a nominal p a t t e r n  wi th  complex d e p a r t u r e s  
from t h i s  nominal p a t t e r n  occurr ing  q u i t e  o f t e n .  F igure  111-1 is  
an  i l l u s t r a t i o n  of charge d i s t r i b u t i o n  i n  a cumulonimbus c loud ,  
accord ing  t o  Johnson. The  same au thor  n o t e s  t h a t  many c louds  
have a p o s i t i v e  r eg ion  nea r  t h e  base where heavy r a i n  e x i s t s .  

Chalmers, showing t h e  model (Figure 111-2 )  of  
Keut tner  f o r  a charge d i s t r i b u t i o n  i n  a TSTM cloud,  shows 
p o s i t i v e  charges  i n  t h e  lower r eg ion  of mel t ing  g raupe l  ( s o f t  
opaque h a i l ) ,  nega t ive  charges i n  t h e  in t e rmed ia t e  f r e e z i n g  
l f i T , f i - l O  =nil n e ” 4 4 - 4 7 7 -  m ?  - Y - n c  
A G V C A L I ,  UIIU y v L I . L C - I V L  b A r . A L y b J  in t he  h i g h e r  f r e e z i n g  lek-els.  

Comparison of t h e  t w o  f i g u r e s  shows both d i f f e r e n c e s  
and s i m i l a r i t i e s  according t o  t h e  p0in.t of  view adopted f o r  
comparison. I f  it is  assumed t h a t  F igu re  111-1 i s  m o r e  d e t a i l e d  
than  Figure  1 1 1 - 2  and t h a t ,  t h e r e f o r e ,  it is  reasonable  t o  
se lec t  on ly  p o r t i o n s  of it t o  show a correspondence w i t h  t h e  
o t h e r ,  t h e n ,  s t a r t i n g  a t  t h e  bottom c e n t e r  of 111-1, a +, -, 
+ v e r t i c a l  reg ion  i s  found which i s  a l s o  found i n  1 1 1 - 2 .  

W i l l i a m s ,  ( lo) i n  d i scuss ing  evidence of t h e  l o w e r  pos i -  
t i v e  charge ,  concludes t h a t  i t s  l o c a t i o n  i s  i n  the  up -d ra f t  
of t h e  f r o n t  of t h e  cloud c l o s e  t o  t h e  sha rp  f r o n t  boundary of 
t h e  p r e c i p i t a t i o n  zone. This l o c a t i o n  ag rees  r easonab le  w e l l  
w i th  t h e  t w o  f i g u r e s .  C l a r e n c e  and Malan (lo) sugges t  t h a t  i f  
t h e  lower p o s i t i v e  charge plays an e s s e n t i a l  p a r t  i n  cloud- 
e a r t h  l i g h t n i n g ,  t h e  p a t t e r n  of  ground h i t s  should y i e l d  such 
informat ion .  W i l l i a m s  u se s  obse rva t ions  made by F e t e r i s  t o  
show such r e s u l t s .  

Chalmers a l so  r e f e r s  t o  t h e  i n v e s t i g a t i o n s  by many 
o t h e r  r s s e a r e h s r s ,  i nc lud ing  r a d a r  obse rva t ions  of TSTMS. 
T h e  most i n t e r e s t i n g  is  t h e  ab rup t  appearance of a r a d a r  r e t u r n  
(Workman and Reynolds) presumed by t h e  a u t h o r s  t o  be due t o  
t h e  sudden formation of l a r g e  drops .  The t o p  of t h e  r a d a r  



. 
BELLCOMM, 

APPENDIX I11 

INC. - 3 -  - 

r e t u r n  begins  t o  r ise w i t h i n  t h e  a c t u a l  c loud ,  then  begins  t o  
f a l l  a s  e lec t r ica l  a c t i v i t y  and v i s i b l e  p r e c i p i t a t i o n  begins .  
Reynolds and Brook i n  s i m i l a r  work conclude from t h r e e  c e n t i -  
m e t e r  echoes t h a t  p r e c i p i t a t i o n  i s  a necessary  b u t  n o t  s u f f i c i e n t  
cond i t ion  f o r  o n s e t  of TSTM e l e c t r i f i c a t i o n  wi th  a f u r t h e r  
cond i t ion  appearing t o  be r ap id  v e r t i c a l  development. Moore, 
Vonnegut, and Botka, us ing  t e t h e r e d  radiosonde measurements, 
sugges t  t h a t  r a p i d  v e r t i c a l  development i s  t h e  cause of 
e l e c t r i f i c a t i o n .  A t h e o r e t i c a l  t r ea tmen t  by S a r t o r ,  and 
another  by F r i e r ,  produce evidence t h a t  coalescence should be 
inc reased  by an e l e c t r o s t a t i c  f i e l d .  

I t  has  been observed many t i m e s  t h a t  t h e r e  i s  o f t e n  
a heavy downpour of r a i n  s h o r t l y  a f t e r  a f l a s h  of l i g h t n i n g .  
Moore, e t .  a l . ,  us ing  r a d a r  observa t ions  from below a Bahamas 
thundercloud,  n o t i c e d  t h a t  a new echo i n d i c a t i n g  l a r g e  drops 
o f t e n  appeared s h o r t l y  a f t e r  a l i g h t n i n g  f l a s h .  These data 
i n d i c a t e  t h a t  probably l i g h t n i n g  causes  t h e  heavy r a i n  r a t h e r  
t han  t h e  r e v e r s e .  Moore has  reached s i m i l a r  conc lus ions  
us ing  New Mexico observa t ions .  

Many w r i t e r s ,  notably wall, Kuet tner ,  and I s rae l ,  
t a k e  t h e  view t h a t  t h e r e  i s  no d i f f e r e n c e  between p rocesses  a t  
work i n  a thundercloud and i n  a no-thunder shower cloud.  I n  
one,  t h e  p o t e n t i a l  g r a d i e n t  reaches t h e  va lue  necessary  f o r  a 
d i scha rge ;  i n  t h e  o t h e r ,  it does n o t .  Wichmann p u t s  forward 
t h e  oppos i t e  view: t h a t  t h e r e  i s  a d i f f e r e n c e  of p rocesses  
i n  both  k ind  and degree between a thundercloud and a shower 
c loud .  H e  contends t h a t  t h e  lower p o s i t i v e  charge appears  
t o  be  p e c u l i a r  t o  t h e  TSTM, t h a t  only when t h e  p o s i t i v e  
charge  e x i s t s  can t h e  p o t e n t i a l  g r a d i e n t  be s t r o n g  enough t o  
produce l i g h t n i n g .  Wichmann a l s o  p o i n t s  o u t  t h e  r a p i d  dynamic 
n a t u r e  of t h e  TSTM which passes  through a l l  i t s  phases  r a t h e r  
qu ick ly .  

Some work has  been done i n  determining t h e  charge 
p o t e n t i a l  of minor shower clouds.  Tamura, us ing  w i n t e r  data  
i n  Japan ,  showed t h a t  i n  seven o u t  of t e n  cases t h e  cloud w a s  
n e g a t i v e l y  charged, which, two o u t  of t h r e e  t i m e s ,  i s  t h u s  
o p p o s i t e  from t h e  l o w e r  p o s i t i v e  charge of a TSTM cloud.  

The m o s t  c o n s i s t e n t  f e a t u r e  of t h e s e  works i s  t h e  
apparent  i ncons i s t ency ,  suggest ing t h a t  TSTMS vary  widely ir! 
make-up from one p l ace  t o  the  n e x t .  Informal  d i s c u s s i o n s ( 3 )  
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t end  t o  t h e  p o i n t  of viei t h a t  knowledge of TSTMS i s  so s p a r s e  
t h a t  t h e s e  works and o t h e r s  l i k e  them are o u t  of d a t e  even 
b e f o r e  appearing i n  p r i n t .  Caution i s  advised i n  adopt ing any 
of them as a model f o r  showers and TSTMS a t  KSC. Giving t h e  
r e s e a r c h e r  t h e  b e n e f i t  of v a l i d i t y  of h i s  own obse rva t ions  f o r  
t h e  p a r t i c u l a r  t i m e  and p l ace ,  it fo l lows ,  t hen ,  t h a t  t h e  b e s t  
model f o r  KSC showers and TSTMS would be d a t a  ga thered  a t  KSC. 
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FIGURE Ill-I - CHARGE DISTRIBUTION IN TYPICAL AIR - MASS THUNDERSTORM CLOUD. 
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F. E. S t o u t / M A O  

J. K. HOlCOmb/LMAO 

KSC - 

E .  A. Amman/TS-MET 
J. R.  A t k i n s / S A F  
W. J .  K a p r y a n / L O  
J. R. N i c h o l s o n / T S - M E T  

D.  D. A r a b i a n / P T  
G. 13. Fos te r /PT-3  
E. F .  K r a n z / F C  

MSFC 

FROM: W. 0. C a m p b e l l  

B e l l c o m m ,  Inc.  

A.  P .  B o y s e n ,  Jr. 
W .  E .  E l a m  
D. R. H a g n e r  
J. J .  H i b b e r t  
B. T .  H o w a r d  
A. N .  K o n t a r a t o s  
J.  Z .  Menard 
I. M. R o s s  
P .  F. Sennewald 
R.  V. Sper ry  
J. W .  Timko 
R.  L .  Wagner 
M. P. Wilson 
C e n t r a l  F i les  
D e p a r t m e n t  1 0 2 4  F i l e  
D e p a r t m e n t  2 0  3 2 
L i b r a r y  

J. W.  Kaufman/R-AERO-YE 
0 .  E.  Smith/S&E-AERO-YT 
W. W .  Vaughan/R-AERO-Y 


